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Abstract 
The electrochemical formation of highly porous CuTCNQ (TCNQ = 7,7,8,8-
tetracyanoquinodimethane and CuTCNQF4 (TCNQF4 = 2,3,5,6-tetrafluoro-7,7,8,8-
tetracyanoquinodimethane) materials was undertaken via the spontaneous redox 
reaction between a porous copper template, created using a hydrogen bubbling 
template technique, and an acetonitrile solution containing TCNQ or TCNQF4. It was 
found that activation of the surface via vigorous hydrogen evolution that occurs 
during porous copper deposition and TCNQ mass transport being hindered through 
the porous network of the copper template influenced the growth of CuTCNQ and 
CuTCNQF4. This approach resulted in the fabrication of a honeycomb layered type 
structure where the internal walls consist of very fine crystalline needles or spikes. 
This combination of microscopic and nanoscopic roughness was found to be 
extremely beneficial for anti-wetting properties where superhydrophobic materials 
with contact angles as high as 177° were created. Given that CuTCNQ and 
CuTCNQF4 have shown potential as molecular based electronic materials in the area 
of switching and field emission, the creation of a surface that is moisture resistant 
may be of applied interest.     
 
 
Keywords: CuTCNQ, CuTCNQF4, hydrogen bubble templating, porous, 
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1. Introduction 
The fabrication of metal-TCNQ and metal-TCNQF4 materials has received significant 
interest since the discovery that they can be utilised in molecular switching and field 
emission devices [1-11]. In particular, the synthesis of CuTCNQ, and more recently 
CuTCNQF4, has been intensely studied with a variety of routes having been 
developed including chemical [12], electrochemical [6, 13-14], photochemical [15] 
and physical vapour deposition [3-4, 10]. However, the application of this material 
has almost solely been limited to switching and field emission. There are some 
exceptions such as using CuTCNQ as an intermediate contact material between gold 
source/drain contacts and pentacene in an organic field effect transistor [16] and a 
CuTCNQ/Au composite as a photocatalyst for the degradation of Congo red in 
aqueous solution [17]. Interestingly CuTCNQ fabricated using a two zone physical 
vapour deposition system, whereby a constant current was supplied through the 
copper substrate to control growth, has also been shown to be quite hydrophobic in 
nature which opens up further applications of this material [3].  
 The creation of superhydrophobic surfaces, with a water contact angle larger 
than 150°, has gained significant attention due to the possibility of self cleaning 
surfaces that would benefit electronic devices where moisture resistance and surface 
contamination can be detrimental to performance. This may be particularly beneficial 
for materials such as CuTCNQ, which have been identified as being useful in the 
molecular electronics area. Superhydrophobicity is achieved by controlling both the 
surface chemistry and the geometrical microstructure where the classic example from 
nature is that of the lotus leaf [18-19]. Several methods have been employed to 
achieve superhydrophobic surfaces which can be grouped into two main approaches; 
top down such as lithography and plasma treatment of surfaces, and bottom up such 
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as colloidal assemblies, electrochemical and chemical deposition and layer by layer 
assemblies [20]. Specific examples include anodisation of metal films and 
electrodeposition of nanostructured metals followed by coating with a hydrophobic 
surfactant [21-22], photolithographically patterned silicon dioxide surfaces [23-24] 
and microstructured polymer films [19] to mention just a few.    
As mentioned above the microstructure of the material is important in order to 
control the liquid-air interface, as this influences the antiwetting property of the 
surface. A recent approach to fabricating rough microstructured surfaces is an 
electrochemical based dynamic hydrogen bubble templating process. With this 
method the electrochemical hydrogen evolution reaction is initiated at an electrode 
during which time a metal is electrodeposited around the evolving bubbles that act as 
a dynamic template. This allows a highly porous and layered structure to be formed as 
hydrogen gas evolution continues to occur from the growing deposit over which the 
metal of interest is electrodeposited. This has been achieved for a variety of metals 
including Cu, Sn, Ag, Au, Pt, Pb and Pd [25-31].  
 In this work advantage is taken of the hydrogen bubble templating method to 
fabricate porous copper which is then converted to porous CuTCNQ and CuTCNQF4 
by simply immersing it in either an acetonitrile solution of TCNQ or TCNQF4. It is 
found that the structure and active nature of the electrodeposited copper surface and 
the concentration and immersion time in TCNQ and TCNQF4 are important for the 
formation of extremely fine nanoneedles of both CuTCNQ and CuTCNQF4 on the 
surface of porous copper while maintaining the overall porous structural integrity of 
the surface. These surfaces are found to be superhydrophobic with porous CuTCNQF4 
and CuTCNQ demonstrating the highest anti-wetting behaviour compared to both 
porous Cu and non-porous CuTCNQ. This is attributed to the combination of both the 
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microscopic roughness of the template and nanoscale roughness of the internal wall 
structure. This may be of particular benefit to the areas of molecular electronics where 
moisture sensitivity and surface contamination can be extremely problematic.  
 
2. Experimental 
2.1 Materials and chemicals: Copper metal foils (99.99 % purity) were obtained from 
Chem Supply. 7,7,8,8-Tetracyanoquinodimethane (TCNQ), 2,3,5,6-tetrafluoro-
7,7,8,8-tetracyanoquinodimethane (TCNQF4) (Sigma), NaOH (Merck), H2SO4 (Ajax 
Finechem), CuSO4 (Unilab) were used as received. All TCNQ and TCNQF4 solutions 
were prepared in acetonitrile (Aldrich). All aqueous solutions were prepared from 
water (resistivity of 18.2MΩcm) purified by use of a Milli-Q reagent deioniser 
(Millipore).  
 
2.2 Fabrication of porous copper: Porous copper was electrodeposited 
galvanostatically from an aqueous solution containing 1.5 M H2SO4 and 0.4 M CuSO4 
at 3 mA cm-2 for 5-10 s on to a copper foil (0.158 cm2 area).  
 
2.3 Fabrication of CuTCNQ, CuTCNQF4 and porous CuTCNQ and porous 
CuTCNQF4: For samples prepared on unmodified copper foil (0.158 cm2 area) they 
were first immersed in HNO3 (10% v/v) to remove any surface oxides and then 
washed with acetone and methanol followed by drying in a stream of nitrogen gas 
prior to modification. CuTCNQ and CuTCNQF4 samples were prepared by 
immersing the copper foil in either TCNQ or TCNQF4 acetonitrile solutions for 
specified times. The porous CuTCNQ and CuTCNQF4 samples were prepared in a 
similar manner whereby the reaction was carried out immediately with the fabricated 
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porous copper that had been rinsed with distilled water and dried with a flow of 
nitrogen gas. After all reactions, samples were rinsed briefly with acetonitrile and 
thoroughly with Milli-Q water and dried in a stream of nitrogen gas.  
 
2.4 Electrochemical measurements: Electrochemical experiments were conducted at 
(20 ± 2)°C with a CH Instruments (CHI 760C) electrochemical analyser. The working 
electrode was the sample of interest, the reference electrode was Ag/AgCl (aqueous 
3M KCl) and a platinum wire was used as the counter electrode.  
 
2.5 Surface analysis: Surface characterisation was carried out using scanning electron 
microscopy (FEI Nova SEM) and Fourier transform infrared spectroscopy (FT-IR 
Perkin-Elmer Spectrum 100).  
 
2.6 Contact angle measurements: Contact angles were measured by the sessile drop 
method using an OCA20 contact-angle system (Dataphysics Co., Germany) at 
ambient temperature at various positions on the same sample. 
 
3. Results and discussion 
The electrochemical formation of porous copper is readily achieved at a copper 
electrode using a constant applied current of 3 mA cm-2 for 5-10 s in an electrolyte 
solution containing 0.4 M CuSO4 in 1.5 M H2SO4. This approach results in the 
fabrication of a highly porous honeycomb like layered structure, with pore sizes in the 
10 to 50 m diameter size range. The pore size gets larger the further the layer is from 
the surface and is due to the coalescence of hydrogen bubbles from the growing 
deposit, which has been previously been reported in detail [32-35]. Representative 
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images of the type of surfaces that can be produced using this method are shown in 
Figure 1 and in the supplementary information (Figure S1). Although this approach 
has been studied for creating highly porous copper surfaces the electrochemical 
behaviour of the resulting material has not been discussed. A significant aspect of 
using such large negative potentials (the system attains a potential of ca. -2.5 V to 
facilitate a current density of 3 mA cm-2) is that extremely vigorous hydrogen 
evolution occurs at the substrate and the growing electrodeposited material. Burke and 
others have shown that electrochemical activation of metals such as Cu, Au and Pt in 
which hydrogen evolution is involved has a significant impact on their 
electrochemical behaviour [36-40]. This has been attributed to the creation of active 
surface sites or metastable states which are prone to more facile electrochemical 
oxidation in the double layer region of the metal of interest which have been 
confirmed to be Faradaic in nature for copper and gold electrodes using ac methods 
[36, 41]. Figure 2 shows cyclic voltammograms for an unmodified copper electrode 
and porous copper electrode in 1 M NaOH. It is clear that the magnitude of the 
response for the porous electrode is significantly greater than the control copper 
electrode due to the increased surface area. For the unmodified copper electrode the 
conventional behaviour in alkaline conditions is observed [42-43]. This is 
characterised by two anodic peaks; A1 is attributed to the oxidation of Cu to Cu2O 
and A2 which has two components attributed to the oxidation of Cu and Cu2O to a 
mixture of CuO and Cu(OH)2. The magnitude of peak A1 is considerably smaller as 
the Cu2O film that is formed is poorly conducting and passivates the surface. On the 
reverse sweep C2, which is the counterpart of A2, is small due to the previous 
formation of a Cu2O barrier at the CuO/Cu interface on the positive sweep which 
inhibits the reduction of CuO. However Cu2O does undergo reduction at -0.90 V (C1) 
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and once fully reduced any CuO remaining on the surface can be readily reduced to 
give rise to peak C0. Interestingly at more negative potentials a minor broad peak 
centred at -1.30 V is observed which has been attributed to the reduction of a Cu(I) 
hydrous oxide type deposit formed by the oxidation of active copper sites on the 
forward sweep [44].    
 For the porous Cu surface the positive sweep shows processes A1 and A2 
however the reverse sweep is distinctly different to the unmodified copper electrode. 
In this case peak C0 is absent which indicates that the inhibiting effect of Cu2O is 
much less effective. This observation has been reported for electrochemically 
activated copper electrodes where the CV was carried out at sweep rates of < 5 mV s-1 
[45]. At more negative potentials it can be seen that process C-2 is significantly 
enhanced with the appearance of an additional process at -1.42 V (C-3). The latter 
processes have also been observed using ac methods for an electrochemically 
activated copper electrode which was polarised at -1.10 V for 5 min in 1 M NaOH 
and attributed to the reduction of hydrous oxides formed on the activated copper 
surface during the forward sweep [41]. However the origin of this peak may also be 
due to electro-dissolution of Cu during the forward sweep which is re-deposited on 
the negative sweep, as at a sweep rate of 100 mV s-1 movement of copper ions out of 
the diffusion layer may be inhibited due to mass transfer limitations. To investigate 
this effect the experiment was carried out under stirring conditions at 5 mV s-1 with 
the porous copper electrode and the CV is shown in Figure 2b. It can be seen that the 
peak at -1.40 V persists under these conditions that favour expulsion of copper ions 
away from the electrode which implies that this process is due to oxide reduction 
rather than the reduction of Cu2+ ions. CVs were also carried out until similar 
conditions but in a reduced potential window (-1.3 to -0.5 V) to observe processes that 
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occur in the double layer region only without the complication of bulk oxide 
formation of copper (Figure 2c). It can be seen for porous copper that there are 
distinct quasi-reversible processes over the potential range of -0.65 to -0.50 V which 
occur prior to process A1 which are indicative of Au adatom/hydrous oxide 
transitions. This type of response is absent for both unmodified copper and copper 
that had been activated using vigorous hydrogen evolution. Activation was achieved 
by polarising the copper electrode in the hydrogen evolution region at -2.5 V for 10 s 
in 1.5 M H2SO4 only, which is the potential the system reaches under porous copper 
electrodeposition conditions in 1.5 M H2SO4. The absence of these premonolayer 
oxidation processes at activated copper is not overly surprising given the short 
activation time as Burke has reported that to observe such effects on metal electrodes 
activation times of minutes rather than seconds is required. Also recent work by Bond 
has demonstrated that although responses may not be evident from dc voltammetry 
the existence of significant Faradaic responses in the double layer of copper can be 
observed using a large amplitude Fourier Transformed ac technique [41]. Therefore it 
seems here that the fabrication of a nanostructured porous copper under vigorous 
hydrogen evolution conditions generates a surface that appears to be 
electrochemically highly active. It has been postulated that this occurs through a 
hydrogen embrittlement type process which generates adatoms or clusters of adatoms 
on the surface with low lattice co-ordination number that are more readily oxidised 
than bulk metal atoms and are active in many electrocatalytic reactions [46]. It has 
also been shown that the electrodeposition of nanostructured materials in the absence 
of hydrogen evolution also generates highly active surfaces [28].         
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 The creation of this type of surface is then expected to influence the formation 
of CuTCNQ which proceeds via a spontaneous redox reaction between copper metal 
and TCNQ dissolved in an organic solvent such as acetonitrile via [47]: 
                                            TCNQ0(ACN) ⇌ TCNQ0(ad)                                               (1) 
                                        Cu0(s)  Cu+(ad) + e- ⇌ Cu+(ACN)                                                  (2) 
                                      TCNQ0(ad) + e-  TCNQ-(ad)  ⇌ TCNQ-(ACN)                             (3) 
                                             Cu+(ad) + TCNQ-(ad)  CuTCNQ(s)                                      (4) 
                                         Cu+(ACN) + TCNQ-(ACN) ⇌ CuTCNQ(s)                                    (5) 
 
At the initial stages of reaction both Cu+(ACN) and TCNQ-(ACN) tend to diffuse away 
from the surface and the surface process (eqn. 4) is not significant. However once the 
diffusion layer is saturated with both Cu+(ACN) and TCNQ-(ACN), CuTCNQ(s) formation 
occurs by both process in equations 4 and 5. The formation of CuTCNQ(s) via this 
type of localised corrosion-crystallisation process resulted in studies on the effect of 
acetonitrile concentration, immersion time, temperature and solvent on CuTCNQ 
crystal size and shape [47-49]. However, there is a detriment of studies on the 
possible role that copper morphology may play in this process. Given that porous 
copper is an active surface it is believed that the existence of a highly nanostructured 
or defect rich surface would have a significant impact on the morphology of both 
CuTCNQ and CuTCNQF4 formed on the surface. 
 Figure 3 (a1-3) shows the typical type of morphology of CuTCNQ formed on 
copper foil after immersion in 2 mM TCNQ in acetonitrile at room temperature for 4 
hr. The surface consists of pillars of CuTCNQ growing out from the substrate, which 
are ca. 2 m in diameter and is consistent with previous studies [48-49]. However, 
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when porous copper is used as the substrate a distinctively different type of 
morphology is observed. For porous copper electrodeposited for 5 s it can be seen that 
the porous structure of the underlying copper is still apparent (Figure 3 b1), however 
large columns of CuTCNQ protrude outwards through the pores where the growth 
seems to have been initiated at the base of the film (Figure 3 b2), i.e. at the flat copper 
surface. The large columns of CuTCNQ appear to be similar in nature to those seen 
for the planar copper foil substrate. The internal wall structure is interesting as it 
consists of short small needles of CuTCNQ of ca. 500 nm diameter which taper to a 
fine point. There is also evidence of more agglomerated block like structures of ca. 2 
– 5 m in diameter (Figure 3 b3). For the porous copper sample produced using a 
deposition time of 10 s a distinctly different morphology is obtained. Again, the 
overall porous structure of the underlying copper is maintained (Figure 3 c1) but the 
growth of large structures of CuTCNQ through the pores has been inhibited while the 
internal wall structure consists of densely packed needles of CuTCNQ which are ca. 
500 nm in diameter with tips as small as 10 nm (Figure 3 c2,3). The formation of 
CuTCNQ in all cases was confirmed by FT-IR spectroscopy where typical bands at 
2206, 2172, 1509 and 828 cm-1 associated with CuTCNQ phase I were observed [50]. 
Therefore it is clear that the structure of the underlying copper controls the extent of 
growth of CuTCNQ on the surface. Interestingly the highly dendritic formation of 
copper in the underlying internal wall structure of porous copper (Figure 1) is not seen 
and but rather the formation of short well-packed needles of CuTCNQ which are 
randomly oriented over the surface is favoured over the larger columns of CuTCNQ 
observed on planar copper substrates.    
 To gain an understanding as to why this should occur, open circuit potential 
(OCP) versus time experiments were carried out to monitor the reaction between 
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copper and TCNQ in acetonitrile. This method is particularly useful and has been 
used to study the formation of CuTCNQ on smooth copper electrodes [47] and 
processes such as self assembly of thiol monolayers on gold [51] and galvanic 
replacement reactions [52] where any change in the open circuit potential can be 
related to charge transfer processes occurring at the solid/solution interface. In Figure 
4 the OCP Vs time plot for copper foil and porous copper in an unstirred TCNQ 
solution is shown to mimic the synthesis conditions employed to create well defined 
porous CuTCNQ surfaces. For copper foil the OCP changes rapidly from -0.27 V to a 
steady state value of -0.15 V after 8 min. However in the case of porous copper the 
OCP value gradually changes to less negative potentials and does not reach a steady 
state even after 4 hr reaction time. However the potential value that is attained after 4 
hr is significantly less negative than for copper foil. From previous studies on 
CuTCNQ formation the attainment of a higher OCP indicates higher surface coverage 
of CuTCNQ. To investigate mass transfer effects the same experiment was conducted 
under stirring conditions and is illustrated in Figure 4(b). It is immediately apparent in 
the case of copper foil that a steady state OCP value of 0.27 V is reached which is 
0.42 V higher than the unstirred case. It is expected that increased mass transport to 
the copper surface will enhance the rate of CuTCNQ formation and this was found to 
be the case. In Figure 3 (a2) it can be seen that there are still unmodified areas of 
copper foil when CuTCNQ is formed under quiescent conditions, however when the 
TCNQ solution is stirred the extent of coverage increases significantly (Figure S2a) 
which is also reflected in the higher OCP value. A similar effect was found in the case 
of the porous copper sample where again a higher OCP value was reached under 
stirring conditions compared to quiescent conditions. The extent of CuTCNQ 
coverage was enhanced to such an extent that the porous structure was compromised 
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and extremely large outgrowths of CuTCNQ rods occurred over the entire sample. 
Therefore to maintain the highly porous nature of the underlying substrate promotion 
of the reaction by increasing mass transport to the surface is detrimental. It has also 
been shown by  Liu et al that the rate of CuTCNQ formation influences its 
morphology and was demonstrated by introducing an acetonitrile layer between 
copper and a TCNQ solution through which TCNQ had to diffuse. This inhibition of 
the reaction between copper and TCNQ resulted in a microflower type of structure 
[48]. Therefore it seems that under the synthesis conditions employed here where 
mass transport of TCNQ is hindered in the porous copper material favours slow 
growth and subsequently maintains the overall porous structure. The active nature of 
the nanostructured copper surface is also postulated to play a role as a recent report on 
CuTCNQ formation at single crystal Cu (100) surfaces via chemical vapour 
deposition revealed that substrate reconstruction and surface strained mediated 
interactions at copper atoms played a key role in the growth of high aspect ratio 
rectangular CuTCNQ which was correlated with density functional theory 
calculations [53].  Also Kruger et al reported that lattice defects at the surface of 
copper play a role in the initial stages of the reaction between copper and TCNQ 
which resulted in pitting of the surface prior to CuTCNQ formation and facilitated 
needle type growth [47]. To further investigate this possibility a copper foil sample 
was polarised in the hydrogen evolution region at -2.5 V for 10 s in 1.5 M H2SO4 
only, which is the potential the system reaches under porous copper electrodeposition 
conditions. This activation procedure is expected to create active surface states as 
discussed above and therefore such a surface was investigated to see if it affected the 
type of morphology of CuTCNQ that is formed after reaction with TCNQ in 
acetonitrile. In Figure 5 SEM images are shown of a CuTCNQ surface formed after 
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immersion of activated copper foil in 2 mM TCNQ in acetonitrile for 4 hr. It can be 
seen that the surface is entirely covered with CuTCNQ rods that are shorter, narrower 
and better packed than the case when using a non activated copper foil (Figure 3a). 
This suggests that in the case of porous copper deposition the activation of the surface 
via vigorous hydrogen evolution also plays some role in the formation of the very fine 
nanoneedles of CuTCNQ formed on the internal wall structure.  
A series of other experiments were also carried out in which the concentration 
of TCNQ and immersion time were varied and are illustrated in Figure 6. A porous 
copper sample that had been electrodeposited for 10 s was used for these experiments. 
It can be seen that increasing the TCNQ concentration to 5 mM promotes the growth 
of large columns of CuTCNQ through the original pores of copper (Figure 6a).  If the 
immersion time is decreased from 4 to 1 hr then this growth is suppressed, however 
there is still evidence of large columnar growth (Figure 6b) rather than the fine 
needles observed after 4 hr reaction time using 2 mM TCNQ (Figure 3c). If the 
immersion time is decreased to 1 hr as well as the concentration of TCNQ to 1 mM 
then a mixture of dendritic copper and needle shaped CuTCNQ is observed in the 
internal wall structure (Figure 6c). Therefore, to confine growth of CuTCNQ to the 
internal wall structure of porous copper while achieving well packed sharp 
nanoneedles the optimum conditions are porous copper electrodeposited for 10 s 
followed by immersion in 2 mM TCNQ for 4 hr.  
The formation of the fluorinated analogue of CuTCNQ namely CuTCNQF4 
has also received attention but little information is available on the solution based 
reaction between copper and TCNQF4 in acetonitrile. A similar approach to that 
undertaken for the formation of CuTCNQ was employed and it can be seen again that 
the underlying copper surface has a distinct impact on the morphology of the resulting 
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CuTCNQF4 material. On unmodified copper foil a homogeneous coverage of 
triangular spike like CuTCNQF4 crystals is observed after immersion in 1 mM 
TCNQF4 (Figure 7 a1-3). For porous copper electrodeposited for 5 s (Figure 7 b1-3) 
and 10 s (Figure 7 c1-3) the porous nature of the overall film is maintained in both 
cases. A similar spike like growth of CuTCNQF4 is seen in the internal wall structure 
with no evidence of any dendritic copper. The only difference seen between samples 
shown in Figures 7b and 7c is that the pore sizes are larger, as observed for porous 
copper only samples (Figure S1) and discussed earlier, and the formation of some 
hexagon shaped crystals for the 10 s sample. This is similar to the case of CuTCNQ 
formation on the same porous copper substrate (electrodeposited for 10 s) where some 
block like CuTCNQ crystals were observed (Figure 3 c3). In all cases the formation 
of CuTCNQF4 was confirmed by the presence of characteristic FT-IR bands at 2215, 
1497 and 1223 cm-1 [54]. 
 The formation of a material with both a microscopic and nanoscopic 
roughness should in principle be highly beneficial for the creation of a hydrophobic 
surface. In particular the creation of a structure with densely packed nanoneedles 
should offer the opportunity for trapping air bubbles that would facilitate non-wetting 
of the surface. Therefore the contact angle was measured for a variety of CuTCNQ 
and CuTCNQF4 surfaces and compared with both copper foil and porous copper and 
is shown in Figure 8. As expected copper foil is quite hydrophilic with a contact angle 
of 89.9° (Figure 8a) while porous copper interestingly shows a decrease in ant-wetting 
behaviour with a contact angle of 57.8° (Figure 8b) and 49.6° (Figure 8c) for samples 
electrodeposited at 5 and 10 s respectively. However, a significant increase in the 
water contact angle is seen when both planar and porous CuTCNQ and CuTCNQF4 
are used. For planar CuTCNQ (Figure 3a) the contact angle increase to 162.3° (Figure 
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8d) which is considered to be superhydrophobic, while planar CuTCNQF4 gives a 
value of 137.8° (Figure 8e) which is significantly greater than that of unmodified 
copper foil. This is consistent with previous studies for nanostructured CuTCNQ 
created by a two zone physical vapour deposition method [3] and via controlling the 
reaction rate of copper with TCNQ through an intermediate acetonitrile solution [48] 
where contact angles of 155 and 144° were reported respectively. For porous 
CuTCNQ (Figure 3c) and CuTCNQF4 (Figure 7c) superhydrophobic surfaces are 
created in both cases where the contact angle increases to 177.6 (Figure 8f) and 
177.1° (Figure 8g) respectively. Porous copper surfaces of this type have been used 
previously as superdrophobic surfaces where the surface was modified with a n-
hendecanethiol layer by immersion in an ethanol solution overnight [33]. The contact 
angles measured were as high as 162°. In this work the creation of a porous CuTCNQ 
or CuTCNQF4 surface has the advantage of not only being superhydrophobic but also 
has multifunctionality in that it could be used as a molecular based switching and field 
emission device.      
The fabrication of such a hydrophobic surface is most likely due to the 
creation of an extensive network of air/water interfaces over the entire sample surface. 
For the case of previous reports on nanostructured CuTCNQ a nanocone like 
morphology was found to be the optimal morphology for the creation of 
superhydrophobic surfaces giving a contact angle of 155°. Therefore it seems that it is 
the combination of roughness on the micron scale generated by the porous copper 
template and the nanoscale roughness of the internal wall structure in the form of 
spike like growth that both act together to create such a hydrophobic surface. This is 
confirmed by measuring the contact angle of a porous CuTCNQ surface whereby the 
protrusion of large columnar rods of CuTCNQ was allowed to occur as seen in Figure 
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3b. In this case the contact angle decreased to 156.0° (Figure 8h). It should be noted 
that a drop size of 120 L was used in all cases to keep the contact angle 
measurements consistent. If smaller drop sizes were used then the droplet could not be 
placed on to the surface of either porous CuTCNQ or porous CuTCNQF4 materials 
from the dispensing tip. The larger drop size enabled the contact angle to be measured 
due to the gravitational force overcoming the anti-wetting properties of the surface. 
However for CuTCNQF4 prepared under the conditions shown for Figure 7b a droplet 
of this size could not be dispensed on to the surface. This effect is illustrated in Figure 
9, which shows a series of images taken from video imaging of the sample being 
brought towards the hanging droplet (Figure 9 a-f) and then receded (Figure 9 g-i).  
This type of approach has been carried out by others [55] to demonstrate the perfectly 
hydrophobic nature of particles of tetrafluoroethylene oligomers with a reported 
contact angle of 180°. As soon as the sample touches the water droplet it becomes 
noncoaxial with the needle. Upon advancing the sample further the droplet is seen to 
move to the side of the needle and then around to the back (Figure 9e). When the 
sample is receded away from the droplet it spontaneously dewets the surface and 
remains on the dispensing tip (Figure 9f). Indeed these porous CuTCNQ and 
CuTCNQF4 surfaces are so hydrophobic that immersing the whole sample in water 
creates a surface film of air over the entire sample as seen in Figure 10a. After such an 
experiment a water drop was placed on to the sample where an optical image from the 
side is shown (Figure 10b). Indeed the drop size can be increased and made almost as 
large as the CuTCNQF4 surface (4.5 mm diameter) and found to be 3.5 mm in 
diameter (Figure 10c). This effect was found to be highly repeatable on the same 
surface.  
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4. Conclusions 
In this study the creation of superhydrophobic porous CuTCNQ and CuTCNQF4 
surfaces was achieved with contact angles as high as 177°. The electrochemical 
fabrication of a layered and highly porous copper template via a hydrogen bubble 
templating method affected the redox reaction with TCNQ and TCNQF4 compared to 
that of a planar non activated copper foil. This occurred as a result of the mass 
transport of TCNQ being hindered through the porous network and also providing 
active sites where the reaction could occur. This resulted in a surface with both 
microscopic and nanoscopic roughness where the latter was achieved via the 
formation of very fine needle or spike like growth of CuTCNQ and CuTCNQF4 on 
the internal wall structure. The creation of a material that has superhydrophobic 
properties with potential applications in molecular electronics as a switching or field 
emission material or as a contact material in organic field effect transistors is 
attractive as it would alleviate any problems due to moisture or possibly 
contamination.   
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List of figures 
 
Figure 1: SEM images of porous copper electrodeposited on to copper foil at a 
current density of 3 mA cm-2 for 10 s from a solution containing 0.4 M CuSO4 and 1.5 
M H2SO4.  
 
Figure 2: Cyclic voltammograms recorded at (a) a sweep rate of 100 mV s-1 under 
quiescent conditions at a copper electrode (grey) and porous copper (black) fabricated 
under the conditions of Figure 1 and at a sweep rate of 5 mV s-1 under stirring 
conditions at (b) a porous copper electrode and (c) a copper electrode (thin line), 
activated copper electrode (grey) and porous copper (black). 
 
Figure 3: SEM images of CuTCNQ formed after immersion in 2 mM TCNQ in 
acetonitrile on (a) copper foil, (b) porous copper electrodeposited for 5 s and (c) 
porous copper electrodeposited for 10 s. 
 
Figure 4: Open circuit potential versus time plot under (a) quiescent and (b) stirring 
conditions for copper foil (grey) and porous copper (black) electrodeposited for 10 s 
immersed in 2 mM TCNQ in acetonitrile.  
 
Figure 5: SEM images of CuTCNQ formed on a copper foil that had been activated 
by polarisation at -2.5 V for 10 s in 1 M H2SO4 and immersed in 2 mM TCNQ in 
acetonitrile. 
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Figure 6:  SEM images of CuTCNQ formed on porous copper electrodeposited for 10 
s immersed in 5 mM TCNQ for (a) 4 hr, (b) 1 hr and in 1 mM TCNQ for 1 hr (c).  
 
Figure 7: SEM images of CuTCNQF4 formed after immersion in 1 mM TCNQF4 in 
acetonitrile on (a) copper foil, (b) porous copper electrodeposited for 5 s and (c) 
porous copper electrodeposited for 10 s. 
 
Figure 8: Water contact angle images using a 120 L drop onto (a) copper foil, (b) 
porous copper electrodeposited for 5 s, (c)  porous copper electrodeposited for 10 s, 
(d) CuTCNQ on copper foil, (e) CuTCNQF4 on copper foil, (f) porous CuTCNQ, (g) 
porous CuTCNQF4 and (h) porous CuTCNQ as shown in Figure 3b.  
 
Figure 9: Optical images taken from a video of a CuTCNQF4 surface, as in Figure 
7b, being traversed towards a 120 L water drop and then receded.  
 
Figure 10: Optical images of a porous CuTCNQF4 surface when (a) fully immersed 
in water, (b) water droplet placed on surface and (c) when water droplet in (b) was 
increased in size. 
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